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Executive Summary

Since 1948, the USDA-NRCS has constructed over 10,000 upstream flood control dams
in 2000 watersheds in 47 dates, over two-thirds of these dams have a design life of 50
years. Because of population growth, land use changes, and time, sediment pools are
filling, some gtructurd components have deteriorated, safety regulations are dricter, and
the hazard classfication has changed for some dams. Before any rehabilitation srategy
can be designed and implemented, the sediment impounded by these dams mugt be
asesed in terms of the dructure's efficiency to regulate floodwaters and the potentid
hazard the sediment may pose if reintroduced into the environment.  This report
represents the completion of a demondration project designed to evduate technologies,
methodologies, and protocols for the cost-effective characterization of this sediment.

Three field stes were chosen for this project. Sugar Creek #12 and Sugar Creek #14 are
located near Hinton, OK, and higtoric land use of cultivated fields of cotton and peanuts
a Sugar Creek #12 suggests that agrichemicals may be present in the lake sediments.
Sergeant Maor #4 is located near Cheyenne, OK, and it has become the sole water
supply for the town of Cheyenne. Thus, preserving water qudity isamgjor concern.

Seismic profiles were successfully obtained in each of the three reservoirs in Oklahoma
However, the very shalow water depths at Sugar Creek #12 and Sugar Creek #14 caused
unwanted noise in the sasmic dgnd, and the processed data are virtudly impossble to
interpret.  The sasmic profiles a& Sergeant Mgor #4 show a number of didtinct
interpreted seigmic reflectors in the subsurface, and sdect seismographs show some
correlation to the stratigraphic boundaries observed in the sediment cores.

Ten continuous, undisturbed cores of lake sediment were successfully obtained at Sugar
Creek #12. These cores are composed of sand, silt, and clay, but most of the deposited
sediment is sit and clay in nearly equa proportions. Four continuous, undisturbed cores
of lake sediment were successfully obtained at Sergeant Maor #4. These cores are
composed of poorly sorted gravel, sand, silt, and clay.

The andyss of sadiment qudity incuded 50 different pedticides, herbicides, PCBs,
heavy metas, dements, and other contaminants. A tota of 57 sediment samples obtained
from these reservoirs were andyzed. Reaults from testing these sediments show very
good overdl sediment quality. Resdua breskdown products of DDT and methyl
parathion are found in low concentrations in dl three reservoirs but such concentrations
pose no health concern.

By usng radioactive Cesum emisson as a dating technique, reatively high raes of
sedimentation are deduced a Sugar Creek #12, presumably related to a basin-wide
higoric converson of forested areas to cropland and knickpoint eroson and channd
degradetion above the reservoir.  The historic converson of cropland to native seed
grases within the watershed of Sergeant Mgor #4 has resulted in relaively low rates of
Sedimentation.
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1. Introduction

1.1 Federal Program for Flood Control

In response to devastating floods of the 1930's and 1940's, Congress enacted legidation
for the congruction of flood control dams on smdl tributary streams. The Food Control
Act of 1944 (PL-534) authorized 11 projects in the United States.  Since 1948, more than
3,400 flood control dams have been condtructed in the 320 subwatershed projects
covering more than 35 million acresin 12 states (Caldwell, 1999).

In 1954, Congress enacted the Watershed Protection and Flood Preventaion Act (PL-
566), commonly referred to as the Small Watershed Program (Caldwell, 1999). Since
that time, more than 6,300 flood control dams have been condructed in every date as
well as Puerto Rico and the Pacific Rim, covering over 109 million acres.

The Pilot Watershed Program provided the trangtion between PL-534 and PL-566
(Cadwdl, 1999). More than 400 flood control dams were constructed in 62 projects in
33 dates, covering dmost 3 million acres. In addition, the RC&D Program has provided
technicd and financid assistance to locd sponsors for the planning, desgning, and
congtruction of more than 200 flood control dams since the 1960's.

In totd, the U.S. Depatment of Agriculture, Naturad Resources Conservation Service
(USDA-NRCS) and its cooperators have congtructed over 10,450 flood control dams in
47 states. More than $8.5 hillion (1997 dollars) of federa funds and over $6.0 hillion of
locd funds have been invested in these projects snce 1948. This $14.5 hillion
infrestructure provides over $1 billion in benefits annudly.

The primary purposes for these sructures were to prevent flooding and to protect
watersheds.  Other dams were built or have evolved into dSructures for water
management, municipad and industria water supply, recregtion, and the improvement of
fish and wildlife, water quality, ad water conservation. Loca sponsors were to provide
leadership in the program and secure land rights and easements for condruction. The
USDA-NRCS was to provide technical assstance and cost-sharing for the congruction of
these dams.

Flood control dams typicaly consst of an earthen embankment 6 to 20-m high with a
principd spillway made of concrete pipe 0.3 to 1.8-m wide (Cadwell, 1999). Because
the dams were built on smal sreams in the upper reaches of watersheds, upstream
drainage areas range from 1.6 to 16 kn?. The mgority of these dams were planned and
designed for a 50-year sarvice life. The inlet pipe of the principd spillway is placed a an
elevation that would provide water retention for the desgn sorm and dorage for
sediment accumulation.  Each resarvoir dso has an emergency or auxiliay spillway for
safe conveyance of water around the embankment when runoff rates exceed Storage

capacity.
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1.2 Current Status of Small Watershed Program

At present, more than haf of the dams congtructed are older than 34 years and more than
1,800 will reach their 50-year design life within the next 10 years (Cddwel, 2000). A
rgpid survey conducted in April 1999 revedled more than 2,200 dams in need of
immediate rehabilitation a an edimaed cost of more than $540 million. The primary
issues of dam rehabilitetion are replacement of deteriorating components, change in
hazard classfication, reservoir sedimentation, fallure to mest dam safety regulaions,
falure to meet resource needs of the watershed, inadequate land and water rights,
inadequate community benefits, and the potentid transfer of responghbility.  Common
gpproaches to address rehabilitation typicaly involve dredging the reservoir to remove
accumulated sediment, rasng the dam to increase dtorage capacity, and removing or
decommissioning the dam.

Rehabilitation of aging watershed flood control dams is critical to Oklahoma. Since 1948
more than 2,100 watershed flood control dams have been condructed including 1,140 in
the Washita River Basin, which was one of the origind 11 watershed projects authorized
by PL-534. Many of these dams are in critical need of rehabilitation (Cadwel, 2000).

1.3 Problem Statement

Before any rehabilitation drategy can be desgned and implemented, the sediment
impounded by these dams must be assessed in terms of the dructure's efficiency to
regulate floodwaters and the potentid hazard the sediment may pose if reintroduced into
the environment.

In response to a verba requests by Larry Caddwell, Sate Conservation Engineer, USDA-
NRCS, OK, and Glen Miller, Geologis, USDA-NRCS, the USDA-ARS Nationd
Sedimentation Laboratory and its partners a the Universty of Missssppi established a
task force in September 1998 to address the immediate research needs of the USDA-
NRCS. Members of this task force met with USDA-NRCS representatives in November
1998 and visited two reservoirs. Sugar Creek #12 near Hinton, OK, and Sergeant Mgor
#4 near Cheyenne, OK. These two dtes are of interest to the NRCS because (1)
excessve sedimentation has occurred a Sugar Creek #12 and higtoric land use of
cultivated fields of cotton and peanuts suggests that agrichemicas may be present in the
lake sediments, and (2) the reservoir at Sergeant Mgor #4 has become the sole municipd
source of water for neighboring communities, and water quaity isamaor concern.

For a given lake within an embankment flood control Sructure, the USDA-NRCS needs
to determine (1) the volume of sediment deposited, (2) the rates of sedimentation, (3) the
quaity of sediment with respect to agrichemicals (related to agricultural practices) and
petrochemicas (related to hydrocarbon extraction, drilling, and well development), and
(4) the spatid didribution of the sediment qudity. To this end, a demongtration project
was dedgned to evduae technologies, methodologies, and protocols for the codt-
effective characterization of sediment.

14



1.4 Statement of Work

Three fiddd Stes were sdected for this demonstration project. These are Sugar Creek
#12, Sugar Creek #14 (also located near Hinton, OK), and Sergeant Mgor #4. The work
as described below represents the recommendations of the task force and subsequent
discussons with the USDA-NRCS, and the project was to be completed in two phases.
Phase | entaled saismic surveying and sediment quality andyss of sdect samples a Al
three locations. Phase Il entailed vibracoring and detailed sediment andysis based on
resultsfrom Phase . Thisreport represents the completion of both Phase | and Phase 1.

Below is a description of the techniques to be used in the demongration project, and the
products to be delivered.

1. Sdgnic Surveying: High-resolution seismic technology relies on the detection of
reflected saismic waves from subsurface horizons A horizon might indude any
sediment deposit that digplays variaions in compodtion (such as mineraogy), texture
(such as sediment grain Size or porosity), or structure (such as bedding planes). These
variaions can occur both with depth and spatidly. All geophysca equipment will be
mounted to a boat, and seismic profiles will be recorded adong sdected lines at boat
gpeeds of severa knots in water as shdlow as 0.6 m deep. Upon completion of these
soundings, the digitaly recorded seismic lines will be post-processed, and reflected
horizons identified and verified.

2. Vibracoring of Sediment: Undisturbed sediment cores will be extracted in water
depths from 0.6 to 15 m using a vibracorer. An duminum irrigetion pipe, ether 3 or 4
inches in diameter, will be connected to a high frequency vibration unit via a core
driver and flange. The corer will be suspended from a tripod on a pontoon boat, and
gabilizing buoys will ensure the core remains in a verticd pogtion as it descends into
the water. A check-vave within the core tube flange creates the suction necessary to
retain the sediment during extraction. Once extracted, each core will be cut open,
photographed, and logged, and samples of the sediment will be secured.

3. Sadiment Andyss:  Fird, the sediment in the cores will be subsampled a 0.1-m
intervals and a the bounds of diginct horizons.  Depending on the physcd
characteristics of the cores, these samples will be further anadyzed for color, grain
gze didribution, and magnetic susceptibility.  Magnetic  susceptibility provides a
gratigraphic sgnature that is related to the type and amount of ironbearing mineras
present and can be used for dratigraphic corrdation.  Second, based on the
information provided by the USDA-NRCS on land use within each watershed, the
following suites of chemica andyses are recommended, and these are grouped in
Table 1. Each sample is depthrintegrated except for Group 6. The sediment quality
andyses recommended for Phase | and Phase |l of the project are listed in Table 1-2.
The number of samples and the types of compounds to be andyzed in Phase |1 will
depend heavily on the results of Phase | as well as the didribution, stratigraphy, and
thickness of sediment, and the results of a land use inventory for the watershed (to be
provided to the USDA-ARS by the USDA-NRCS). The Appendix provides some
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background

examined heran.

information on toxicity levels for the chemicds and compounds

Table1-1. List of chemical groupings.

Group Title Hements'Compounds
Q U.S. Environmentd Pedticides: Aldrin, BHC-apha, BHC-beta, BHC-
Protection Agency delta, BHC-gamma, Chlordane, Toxaphene, DDD
Priority Pollutant 4.4, DDE 4,4, DDT 4,4, Diddrin, Endrin, Endrin
Pesticide/PCB of adehyde, Endosulfan I, Endosulfan 11, Endosulfan
potentialy dangerous sulfate, Heptachlor, Heptachlor epoxide
compounds
PCBs: Aroclor 1016, Aroclor 1221, Aroclor 1232,
Aroclor 1242, Aroclor 1248, Aroclor 1254, and
Aroclor 1260
2 U.S. Environmentd pH, Electrica Conductivity, Sodium Absorption
Protection Agency Oil Ratio, Cation Exchange Capacity, Exchangesble
Fidd Contaminants Sodium Percentage, Sodium, Potassium, Calcium,
Magnesum, Oil & Grease, Arsenic, Barium,
Cadmium, Chromium, Lead, Mercury, Sdenium,
Silver, Zinc
3 Herbicides and Command and Cotoran, Methyl Parathion, Lasso,
Insecticides Danitol and Thimet, Prowl, Dud, Karate, Lorsban
4 Rangdand Nitrates, DDT, and metabolites (breakdown
products from compounds such as DDT)
(5) Sedimentation Rates Cesum a 10 cm sampling; analyzing for Cesum

may date specific horizons, hence sedimentation
rates, based on known occurrences of nuclear
testing (U.S,, Russia, and China) and nuclear
accidents (Chernobyl)
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Table 1-2. Recommended sediment quality analysisfor each field sitefor Phase |
and Phase 11 of the demonstration project.

Ste Treatment Phase  Groups
Sugar Creek #12 Cotton and peanuts I 1&2
[l 3&5
Sugar Creek #14 Cotton and peanuts (minor amount) I 1&2
Sergeant Mgjor #4  Rangdand (with no herbicide application) and I 1&2
oil production ] 48& 5

1.5 Global Positioning Systems

In order to congtruct maps depicting dl activities, two globa postioning sysems (GPS)
were employed. A commercidly-available, hand-held globa postioning recelver was
used to demarcate the outline of the reservair, the locetion of the embankment, the dam
marker, the principa spillway drain, and any other pertinent geographic indicators. Data
were collected by (1) setting the receiver to record pogtions a one-second intervals, (2)
waking the desred geographic feature, and (3) logging the data to a file  Once
completed, the operator would cease recording data.  Files for each geographic feature
were temporarily stored in the recaiver and later downloaded to a personal computer. Al
postioning data were differentidly corrected (DGPS) usng base ddion daa from Vidi,
OK and Purcdl, OK usng commercidly-avalable software. These base dations are part
of the Nationd Continuoudy Opedaing Reference Station network operated by the
Nationd Geodetic Survey, a divison of the Nationd Oceanic and Atmospheric
Adminigration, and the corrections can be accessed through the following web-Ste
www.ngsnoaa.gov/Cors.  Under optimum conditions, sub-meter accuracy of DGPS is

possible.

A second hand-held globd postioning receiver was used to demarcate the location of the
sagmic lines on the lake. These data were collected with a military-grade receiver that
was placed on the vessd and exported time, latitude, and longitude to a dedicated laptop
computer and to the DAT tape recorder used in the seismic surveys (see below). These
data required no differentid corrections, were accurate to less than 4 meters, and were
converted into Universal Transverse Mercator (UTM) coordinates for consstency with
the commercia recever.
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2. Field Sites

2.1 Sugar Creek #12

Sugar Creek #12 is located near Hinton, OK, and it is a rdatively small lake (19 acres)
with a mud bottom and fairly shalow water depths (0.6 to 2 m; Figures 21, 2-2, and 2
3). Dam congruction was completed on April 6, 1964. This dructure has an upstream
drainage area of 2,016 acres. The man stream supplying the lake is consdered ungtable
due to the presence of actively migrating knickpoints, and excessve sedimentation rates
have significantly decreased storage capacity. No boat ramp is available, and access for
amdl vesdsis difficult but tolerable.

Higtoric land use data for the environs of Sugar Creek #12 are not very extensve. Inthe
mid-1960's near the time of dam congruction, the watershed was primarily covered with
trees and pasturdand (Table 2-1; Figure 2-4; data provided by the USDA-ARS fidd
office in Hinton, OK). Between the mid-1960's and the mid-1980's, apparently al
forested areas were converted to cropland that included peanuts, cotton, and smdl grains.
Since the mid-1980's, approximately 40% of the cultivated land has been converted to
pasturdland with no change in the amount of grasdand and tree-lined drains.  Cultivated
fidds of cotton and peanuts suggests tha agrichemicds may be present in the lake
sediments.

Table 2-1. Changesin land use within the water shed of Sugar Creek #12
(per centages based on 2,016 acres; values are estimates). Information provided by
the USDA-NRCSfield officein Hinton, OK.

Time Interva
Land Use md-1960's  mid-1980's Present
Trees 55 0 0
Improved Pesturdland: Bermuda, Plains 10 27 50
Bluestem, and Lovegrass
Cropland: Peanuts, Cotton, and Smdll 25 65 41
grans
Native Grasses and Tree-Lined Drains 10 8 9
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Figure 2-1. Photograph of Sugar Creek #12 looking directly south showing earthen
embankment on left, spillway channd in far distance, and reservoir (November
1999).

L
P ers 1
3 e

Figure 2-2. Photograph of Sugar Creek #12 looking toward the southwest showing
thereservoir and the main tributary on right (November 1999).
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Figure 2-3. Base map of Sugar Creek #12 constructed from a hand-held global
positioning system receiver with differential corrections applied. Shown arethe
outline of the lake, the centerline of the earthen embankment, the primary spillway
drain, and the cement dam marker. All positionsarein UTM coor dinates.
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Figure 2-4. Temporal variation in theland use within the water shed of Sugar Creek
#12.

2.2 Sugar Creek #14

Sugar Creek #14 is dso located near Hinton, OK, and it is a rdatively smdl lake with a
mud bottom and fairly shdlow water depths (about 1 to 3 m; Figures 25, 2-6, and 27).
Dam congruction was completed in 1962. This structure has an upstream drainage area
of 1,252 acres and a lake surface area of 18 acres. Higoric land use does include
cultivation of cotton and peanuts, but this is smal component of the watershed.
Prdiminary surveys indicate that sedimentation rates here were not as high as they were
at Sugar Creek #12. A smple boat ramp enabled easy access to the Site.
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Figure 2-5. Photograph of Sugar Creek #14 looking northeast from the

embankment showing reservoir, primary spillway drain on left, and main tributary
sourcein far distance (November 1999).

Figure 2-6. Photograph of Sugar Creek #14 looking directly west showing reservoir,
earthen embankment of left, and primary spillway drain in far distance (November
1999).
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Figure 2-7. Base map of Sugar Creek #14 constructed from a hand-held global
positioning system receiver with differential corrections applied. Shown arethe
outline of the lake, the centerline of the earthen embankment, the primary spillway
drain, and the cement dam marker. All positionsarein UTM coor dinates.
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2.3 Sergeant Major #4

Sergeant Mgjor #4 is located near Cheyenne, OK and was condtructed in 1955. It is a
moderately szed structure, with a lake surface area of about 35 acres (Figures 28, 29,
and 210), and has an upstream drainage area of 3,735 acres. This Ste was chosen for
investigation because it has become the sole municipd source of water for the town of
Cheyenne and preserving water quality is a mgor concern. At least three surface water
sources as well as some underground springs feed the lake. Water depth ranges from 2 to
10 m, and near-verticd banks of terigenous sliclastic rocks characterize the lake
boundary. Some exposed <At deposits (primarily gypsum) aso occur within the
watershed. Accessto the stefor smal vessasis good.

In 1940, land use within the watershed of Sergeant Mgor #4 was predominantly native
rangeland and cropland, which included cotton and row crops with a rotation of smadl
grans (Table 2-2; Figure 2-11; data from the USDA-NRCS fidd office in Cheyenne,
OK). In 1960, the amount of cropland decreased by nearly 50% and these areas were
replaced with seeded native grass mix. The acreage of native rangdand remained
unchanged. By 1980, the amount of aopland decreased by nearly 30%, replaced almost
entirely by seeded native mix. By 2000, the amount of cropland decressed by nearly
65%, seeded native mix increased by 32%, and the amount of pasturdland increased by
265%. The amount of native rangeland remained the same. In summary, the watershed
of Sergeant Mgor #4 has evolved from a rangeland and cultivated watershed to a
predominantly rangeland and grasdand watershed with minor amounts of cropland and
pastureland.

Table 2-2. Changesin land usewithin the water shed of Sergeant Major #4
(percentages based on 3,735 acres). Information provided by the USDA-NRCSfield
officein Cheyenne, OK.

Y ear

Land Use 1940 (%) 1960 (%) 1980 (%) 2000 (%)
Cropland 42.9 24.2 17.6 6.3
Pasturel and 0 0 17 6.2
Seeded Native Mix 0 17.9 23.1 30.5
Native Rangdand 54.7 54.7 55.2 53.8
Roads 1.9 1.9 19 1.9
Oil/Gas Sites 0 0 0 0.4
Homesteads and 0.4 0.4 0.4 0.9
Farmsteads

Hood Control Dams 0 0.9 0.9 0.9
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Figure 2-8. Photograph of Sergeant Major #4 looking almost directly south from

the embankment showing reservoir, primary spillway drain in foreground, and the
vessel used during seismic surveying in the distance (November 1999).

Figure 2-9. Photograph of Sergeant Major #4 looking southeast from accessroad
showing the reservoir and the vessel used during seismic surveying in the distance
(November 1999).
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Figure 2-10. Base map of Sergeant Major #4 constructed from a hand-held global
positioning system receiver with differential corrections applied. Shown arethe
outline of the lake, the centerline of the earthen embankment, the primary spillway
drain, and the fenceline near the embankment. All postionsarein UTM

coor dinates.
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Figure2-11. Temporal variation in the land use within the water shed of Sergeant
Major #4.

[T

The USDA-NRCS, Stllwater, OK provided the following informaion on the water
qudity of Sergeant Mgor #4. The town of Cheyenne monitors the levels of dkdinity,
pH, hardness, and turbidity in the raw water. According to the water trestment plant
operator, dkdinity is high, usudly between 260 to 340 mg/l, pH generdly ranges from
7.7 to 8.2, hardness usudly ranges from 153 to 205 mg/l, and turbidity ranges from 2.0 to
20.0 NTU after a hard rain. Water samples obtained on October 7, 1998 showed key
organic and inorganic indictors were in compliance with the Oklahoma Water Quality
Standards for dl classes of livestock and poultry and the water was deemed suitable for
irrigetion.  The totd dissolved solids measured (409 mg/l) were below the recommended
limit for drinking water (500 mg/l).
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3. Seismic Surveying

During the period from November 4 to November 6, 1999, each lake was surveyed using
high-resolution geophysca equipment. The details of the equipment used, sasmic lines
run, and examples of the processed data are described below.

3.1 Seismic Equipment Used

The physca characterigtics of the lakes and sediments necesstated the use of
geophysica techniques that could be employed in shadlow water (as little as 0.6 m) with
thin sediment (no greater than 5 m). Most geophysicd equipment commonly used cannot
be gpplied in shdlow water environments. IKB Technologies, LTD., Bedford, Nova
Scotia, Canada, owned and operated by Dr. Peter Simpkin, has developed a seismic
profiler for use in such environments.

The IKB-SEISTEC™ profiling system comprises a catamaran, boomer, source receiver,
and sgnd processor (Smpkin and Davis, 1993). The catamaran is 2.6-m long, 0.8-m
wide, and its drained weight is gpproximately 100 kg (Figures 3-1 and 3-2). In this
configuration, a boomer sound source is mounted directly in front of the hydrophone
faring. The catamaran can be operated at 0 to 4 knots, and cable distance from the vessd
to the catamaran was approximady 7 m.

The seigmic source incorporated into the caamaran is a rdiable, wide-band
electrodynamic boomer that produces a dngle podtive pressure pulse with very high
repeatability (Simpkin and Davis, 1993; see dso www.sastec.com). The energy
expended by the boomer ranges from 100 to 300 Joules per shot with the mgority of the
energy concentrated within a +30° cone. The pulse width is 100 to 180 mm. The boomer
has a circular footprint, a diameter of 0.46 m, an overdl thickness of 0.05 m, and it
weighs 15 kg. For the present gpplication, the frequency of the boomer’s pulse was et at
four pulses per second.

The fairing houses the saismic receiver or hydrophone. The seismic recelver is based on
the line-in-cone concept where the cone has an aperture of 0.61 m, a circular array of
seven dement acceeration cancding stick hydrophones, and a variable gain preamplifier
(Smpkin and Davis, 1993; see dso www.saistec.com). It has a near-fidd distance of less
than 1 m, it is fully enclosed, and it is placed as close as physicdly possble to the source
(about 0.7 m).

An SPA-3 andog sgnd conditioner and processor were used, which are suitable for a
wide range of dngle channd saamic profiling sysems.  This processor provides input
ggnd level matching, separate high and low pass filters, and raw and conditioned sgnd
outputs. During operation, the processor was connected to (1) an oscilloscope to monitor
and optimize the incoming sasmic dgnd, (2) a gray-scde line recorder for red-time
display of the seismic profile, and (3) aDAT tape recorder for data storage (Figure 3-3).
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All equipment was placed onto a 16-ft duminum boat (Figure 34). This induded sgnd
processor, oscilloscope, gray scale recorder, DAT tape recorder, and boomer power unit.
In addition, a laptop computer was used to log postioning data from a military-grade
GPS receiver. A 5.8 kW generator supplied 220 V power to the boomer, and a 2.8 kW
generator supplied a clean power source to al other eectronic equipment. Three people
typicaly were on the vessH: one to operate the boat and to monitor the postion of the
catamaran, one to operate the podtioning sysem, and one to operate the seismic
equipment.

Figure 3-1. Photograph of the catamaran. The black PVC pipes provided
floatation, the aluminum frame isresting on the wooden box the catamaran was
shipped in, and the front of the catamaran ison theright (November 1999).
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Figure 3-2. Photograph of the catamaran being towed by the vessal. The catamaran
isabout 7 metersfrom thevessa, and it ismoving toward the left (taken at Sugar
Creek #12, November 1999).

e

Figure 3-3. Photograph of the oscilloscope on left and gray-scale printer
(foreground on right), DAT taperecorder (background top), and signal processor
(background bottom; November 1999).
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Figure 3-4. Photograph of general operating procedure for the seismic surveying
and the number of personnel required (taken at Sugar Creek #14, November 1999).

3.2 Post-processing of Seismic Data

Geophysicigts from the Mississppi Minerd Resources Inditute, located at the University
of Missssppi, conducted the post-processing of the seismic data.  All data recorded to
tape were played back in real-time and digitaly recorded to a personad computer. During
digitization, individud seismic lines were corrdlated to the GPS data s0 that dl saismic
data could be resolved in both time and space.

Once dl data were digitized, specific segments of the seismic lines were identified for
further processng. Post-processing entalled three steps.  Firdt, dl data were digitaly
filtered in order to remove any low frequency oscillation in the sasmic sgnd, and this
process is cdled derending. Second, dl data were digitaly processed in order to
enhance the low-amplitude (low-magnitude) seismic data a depth, and this numerica
technique is cdled sphericd divergence. Third, dl data were digitaly filtered in order to
reduce the number of reverberations (echos or multiples) or digortions in the seismic
sgnd, and this process is cdled predictive deconvolution. These three steps employed
both user-defined and commercidly-available software packages.

After each seilsmic segment was detrended and both spherical divergence and predictive
deconvolution were agpplied, the seismic lines were printed. The operator gill can dter
the magnitude or the gan of the sdsmic dgnd, therdby enhancing or suppressing
reflectors prior to printing. In generd, two copies of each line were generated, a low and
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high gain, and this endbled the identification of specific saiamic reflectors.  For darity,
only the low-gain seismograms are presented herein.

In addition, al ssismograms were printed as a function of time. For the verticd scae,
time in millissconds can be converted to digance by assuming a veocity for the
propagation of seismic waves through the water and the saturated, unconsolidated
sediments and then back to the receiver. Herein this velocity is assumed to be 1500 my/s.
Please note that this vaue depends greatly on water sdinity and temperature, and the
materid’s grain dze, compogtion, degree of consolidation or lithification, and the
presence of gas. For the horizonta scae, the GPS data were used to cdculate the total
digance of each line, assuming that the boat was moving a a condant velocity between
measured points.

3.3 Reaults

3.3.1 Seismograms for Sugar Creek #12

Figure 3-5 shows the seismic lines obtained for Sugar Creek #12 and the location of the
three segments chosen for presentation here.  Figures 3-6, 3-7, and 3-8 show the
saismograms for sections A-A’, B-B’, and C-C', respectively.

At the time these seilsmic data were collected, water depth was quite low, no greater than
1 m. This caused the seismic source (boomer) and receiver to be in very close proximity
to the sediment bottom. In fact, the catamaran frequently ran aground. Thus the ared
coverage within the lake was redtricted to water depths of at least 0.6 m. Moreover, this
close proximity caused a great ded of reverberation and digtortion of the seismic sgnd
and many multiple reflectors from the same source were recorded. The numericd
agorithms presented above were unable to filter the seismic sgnas completely.

In generd, the following observations can be made. The sediment near the water-
sediment interface is quite soft, and it is represented by weak or low-amplitude reflectors
(Figure 36, 37, and 38). The thickness of this reflector is about 0.15 to 0.2 m and it
does not vary in thickness across the basin.  However, this reflector does appear to
thicken towards the southern part of the lake (towards B’; see Figure 37). At a depth of
goproximately 0.4 m, a very drong seismic reflector is observed, and this reflector is
ubiquitous in dl the saismic records. This strong seismic reflector caused most of the
seiamic reverberations due to its srong seismic properties and its close proximity to the
water surface and seismic receiver.  Again, this seismic reflector is observed basin wide,
and may represent a change in sediment composition such as a sand or grave layer, a
change in sediment dendty such as vaiation in minerdogy or relaive compaction, have a
biological origin, or represent some kind of hard-pan. Because this reflector has such
drong seismic characteridics, it is virtudly impossble to observe and verify any deep
horizons.
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Figure 3-5. Base map of Sugar Creek #12 showing tracesfor all seismiclines. Three
segments, labeled A-A’, B-B’, and C-C’, arediscussed in text. All positionsarein
UTM coordinates.
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Figure 3-6. Seismogram of section A-A’ from Sugar Creek #12 (next page; refer to
Figure 3-5). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid linerepresents the water-sediment interface, and the
solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is 162 m.



Figure 3-7. Seismogram of section B-B’ from Sugar Creek #12 (next page; refer to
Figure 3-5). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid linerepresentsthe water-sediment interface, and the
solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismicrecord is 158 m.
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Figure 3-8. Seismogram of section C-C’ from Sugar Creek #12 (next page; refer to

Figure 3-5). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid line represents the water-sediment interface, and the

solid lines at depth areinterpreted seismic reflectorsidentified but not verified.
Depth and length scales are shown, and total length of seismic record is 156 m.
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3.3.2 Seismograms for Sugar Creek #14

Figure 3-9 shows the seismic lines obtained for Sugar Creek #14 and the location of the
three segments chosen for presentation here.  Figures 3-10, 3-11, and 3-12 show the
seismograms for sections A-A’, B-B’, and GC, repectively. At the time these seismic
data were collected, water depth was on the order of 1 to 3 m. As such, the post-
processing dgorithms were more successful in removing multiples here than a Sugar
Creek #12.

In generd, the following observations can be made. The sediment near the water-
sediment interface is quite soft, and it is represented by weak or low-amplitude reflectors,
amilar to Sugar Creek #12 (Figures 310, 311, and 312). This near-surface reflector is
about 0.2 m thick, and it displays little variation in thickness across the basn. Some
thinning of this unit occurs toward the principd spillway (towards A’; Figure 310). At a
depth of gpproximatdy 02 m, a very drong sasmic reflector is obsaerved, and this
reflector is ubiquitous in al the seigmic records. This srong saismic reflector is amilar
in depth and character to the reflector observed at Sugar Creek #12, and the reason for its
presence is 4ill unknown. Because of this srong, shdlow seiamic reflector, no deep
reflectors can be identified and verified with confidence.
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Figure 3-9. Base map of Sugar Creek #14 showing tracesfor all seismiclines. Three
segments, labeled A-A’, B-B’, and C-C’, arediscussed in text. All positionsarein
UTM coordinates.
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Figure 3-10. Seismogram of section A-A’ from Sugar Creek #14 (next page; refer to
Figure 3-9). Dashed lineislocation of boomer (approximately 0.5 m below the
water surface), thefirst solid line re